Research of Resonator-sound-generator Atomizing Nozzle by 邢盼
学校编码：10384                                分类号      密级       






硕  士  学  位  论  文 
 
谐振腔式声能雾化喷嘴的研究 




指导教师姓名：邢 菲  副教授 
专  业 名 称：航空宇航推进理论与工程 
论文提交日期：2 0 1 5  年  4  月 
论文答辩时间：2 0 1 5  年  5  月 
学位授予日期：2 0 1 5  年     月 
 
答辩委员会主席：        
评    阅    人：        
 



















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             






















（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：             























































The applications of nozzle technology almost include all the industrial sectors, 
transportation, agricultural production and people's daily lives. Among which the 
application to combustion devices is particularly important .The previous studies on 
the new hydrodynamic ultrasonic atomizing nozzle have shown that: the nozzle 
decrease the particle size(smaller than 50μm) and meliorate the distribution, which are 
substantive significance to the realization of low-oxygen combustion and reducing the 
emission of smoke soot and nitrogen oxide pollutants. Therefore, this paper use 
resonator-sound-generator atomizing nozzle as the research object. Design its 
structure and do multi-parameter numerical simulations of its flow field, sound field 
and atomization performance by the use of FLUENT. And analyze the atomization 
mechanism though the atomization performance variation.  
Firstly, designing a resonator-sound-generator atomizing nozzle based on the 
principle of the Hartmann acoustic generator. Then analyze the flow field 
characteristics and the vocal mechanism of the nozzle by the numerical simulation of 
flow field and sound field of the high-speed jet. The results show that: the nozzle will 
produce strong acoustic wave when the resonator is placed in the "instability zone". 
The pressure ratio and impinging distance are the key factors to generate the strong 
acoustic wave. In the calculation of this paper, the nozzle produce a sound wave of 
about 10kHz when the impinging distance is 7.5mm and the pressure ratio is 3.5, 
which meet the design requirement that generate sound wave of about 10kHz by using 
the high-speed jet to excite vibration of the resonator. 
On the basis of the simulation results of the flow field and sound field, the paper 
conducts atomization simulation of the resonator-sound-generator atomizing nozzle. 
And analyze its atomization performance though the particle distribution and droplets 
SMD. The results show that: the presence of the resonator greatly improve the 
atomization performance of the nozzle. The incident angle of liquid、the impinging 
distance、the depth of resonator and the gas-liquid ratio have different degree 
influences on the atomization performance of the nozzle. Among them the effects of 
the liquid incident angle and the impinging distance are particularly evident. In this 















about 10μm when the incident angle is 35.26°and the impinging distance is 7.5mm. 
Finally, the paper explore the atomization mechanism of the nozzle based on the 
oscillatory characteristics of the flow field and the droplets. Under the conditions of 
the nozzle and calculation of this paper, the result turns out that the oscillation 
frequency of droplets and airflow cannot reach the resonance conditions. And the 
atomization mechanism in the area of resonance still needs more researches and tests 
to explore and verify. 

















  ：密度   
u  、 v  、w  ：速度矢量 
  ：动力粘度 
p  ：静压 
iF  ：模型源项或自定义源项 
ij  ：应力张量 
'j  ：组分 
'j
J  ：组分扩散通量 
hS  ：包含化学反应热和其他体积热源的源项 
'j
m  ：质量分数 
'j
h  ：焓 
k  ：湍动能 
  ：耗散率 
kG  ：平均速度梯度引起的湍动能 k的产生项 
bG  ：浮力引起的产生项 
MY  ：可压湍流脉动膨胀对总的耗散率的影响 
t  ：湍流粘性系数 
1C   、 2C 、 3C  ：经验常数 
k  ：与 k对应的 Prandtl数 
  ：与 ε对应的 Prandtl数 
kS  、 S：用户定义的源项 
  ：平均流时间尺度和湍流时间尺度的比值 
C  ：经验常数 















l  ：喷嘴长度 
r：喷头内部倒角 


















N  ：压比 
L  ：冲击距离 
H  ：谐振腔深度 
  ：液体入射角 
ALR：气液比 
nD 、 yD ：液滴直径 
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